
!be emissivity tqperiment on the first Orbiting Solar Observatory 

yields, as'part of the data gn the stability af teqperature-control 

coatings in space, hf'onuation on earth-reflected sunllght 8nd eartb . 

emitted energy. Ucalized values of both albedo an8 earth radiatbn . 

deduced from these data cue presented. 

.. 

1 .  

Descriptions of the qeriment and radiometric technique, a 

couprison of the resultant values Kith other reported data, and an 

analysis of possible errdr associated with the results m included, 

. The iaoplicationa of the reeulte of thba ar&Qrsie t o  the mm0z-t- of 
, ,  

, , r8dlmmtric d a h  uiboabo diecueaed. 
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the heat budget of *he earth for meteorological purposes, but also 

f 
1 

+*- a d 
, Amn observations nnde,,wtthin the &arth-$tmsphere bystem. With the tube& 

' 

of scientific satellites, dlrect masumnext of these quantities Aom a&- 

side the akaoephere bas been made possible, The~ greatest BmouIlifi 09 y ' 

satellites, which carried equipmat designed epecificaUy folr meae~rlng . 2 

1, hf'omattion has been obtaitled Anrm the Tiros seriee of metearological 

reflected and emitted radiation, Descriptiane and results of these experl= 
'J 1, m n t s  are contained in references 4 and 5. 

Results from an e-lmxxt on the first  Orbit- Solar Observatory 

also have given data on tbe Intensity of reflected sunlight and earth x: t'. 4 
! 

radiation, Although this experinrent, as described in references 6 and 7, 
(44 t' kt 

( A t 4  6:. it? 
wae designed for another purposefthat of detemlnlng the long-term stability 

of radiation p r o p e r t u s  of several t h d - c o n t r o l  coatings - deductions 
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Elarth view factor, defined by HE - F# 

earth-reflected eolar  flux,incident on sensor eurface, 
.. . .  FE 
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Es earth-emitted radiant flux incident on sensor surface, 
BTU/hr f t2  

. .,. 
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direct solar flux incident on senaor s\.rrface, B T U h  ft2 % 
K .  

S 
Qh 

0 'Eemperature of sensor? R 

temperature cup, aR 
a function of n Independent varlablee 

mss of sensor diet!, lb. 

SCrlrrW 

/ .  

K 

'independent variable 

albedo-radiation absorptance crf sensor emface 

earth-radiation absorptance of sensor surface 

eolar-radl8tiOn abrrorptence O f  8-m S W f 8 0 d  , 

infrared smittsnoe of 8cnsor surface 
/ 

time, hr 
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A radiometer is an instrment for measuring electromagnetic radiation. 

measurement Is an indirect one in the sense that guantitites which show 

effect of radiation, such ae the temperature r i se  of a calorimeter or 

torelonal M e t  of a suspended (Lisk, blackened on one side, are the EBB- . 
ured quantities. Fran date such 88 these, the 

by the detector can be determined. E 

lmnrn or assumdl] the tatal energy emitted 

by a obJect can be deduced. O f  prbicular interest are the calorimetric- 
&vb 

type measurements such as those -wed on the first Orbiting Sow me- 
tory.  Albedo and earth radiation were deduced fkom time-temperature hietorlee 

of two*isolated surfaces in a p a c q , [ l  

- 
*D #I 

Heat Balance Equations 

on its back side, located.mqr milee above the earth, and oriented in such a 

manner as t o  see at least a portion ae It. The v, eurfeceq w i l l  

interfcept direct energy from the sun, antt energy emitted ana reflect& by the 
, 

earth. The equation of energy balance of the Wace  Is: 

(1) Hspccs + HAMA + % 9 + = A d !  4 + a!r 

The terme on the lef't side of the equation are the abcnre mentioned heat -uta 

frwn the earth and sun plus the energy term % vhlch repllesente that due t o  
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 he heat-i&t parameters 5; H*; ana TJ m- ++-n+q-g ci the -- -E -- ---"*"- 
intensity distribution of emitted and reflected radhtion, and the orien- 

tation of the surface with respect t o  sun and earth. 

energy emitted or reflected by the sun or  earth that is incident upon the 

surface is described by the term'view factm'? The heat-hput psrametere 

are related to th heat source8 an& viaw facbre by the following e- 

tions: 

The relative amDunt of. 

. 

. 

I 

. 
.. . ,  

53 - Fss (2) 

'A = Fif@ (3) 

53 = Fli? ( 4) 

where Fs, FA, and FE are the solar, albedo, and earth radiation view 

factors. 

results in an equation h terms of S, A, and E. To detemine albedo and 

earth radiation, one or mre  such equations muat be solved for  the terms 

Substitution of equations (2), (3), and (4) into equation (1) - 

4 and E. The procedures used in the solution of these terms will be die- 

cussed presently. 

I n  the subsequent analysis, the following assumptions were made: 

(1) the value of albedo-radiation absorptance of the radionreter sur- 

face,aA,was assumed t o  equal the value of solar-radiation absorptance 

as; (2) the infrared absorptance, CYs, of the surface was taken equal t o  

the infrared emittance, e; (3) the earth was assumed to emit and reflect  

according t o  a cosine distribution; (4) the heat input term, s, which 

represents heat input t o  the sensor 'fm m i t s  back side was set equal to 

K(% - T ), where K is  a proportionality facbr ,  I! is the temperature 

of the radiometer surface, and % is the temperature of the obdect behind 

the surface with which it exchange8 h a t .  

' 
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E a r t h  radiation determination.- Earth radiation can be deduced from 

. data recorded on ekther day or n igh t  portio- of an orbit. Values ecnrbe i r e  

obtainet2 in one of two ways: (1) solution of a single energy equation, or 

(2) simultaneous solution of energy equations for two different radiometer 

surfaces. If the single energy equation and sunlit-side data are employed, 

a value of albedo must be assumed. 

sumption is unnecessary since the solar and albedo terma are zero. 

&ble 

. 
If dark-side data are used, the as- 

' The equation for determination of earth emission, derived from the 

single energy equation, equation 1, plus the relationships of equations 

(21, (31, and (41, 1s: 

Considering the simultamous solution of the enera '  equations for two 

radlomter sueaces exposed t o  the  sunlit side of the earth, fhe earth- 

emitted energy can be written : # 

I /  

. E  = 

L L 
% 4 1  \ 

' where the subscripts 1 and 2 refer t o  the two radiometer mr$aces. 

application of th i s  equation, if the 'as/" ratios of the two surfaces 

In the 

are nearly the same, a small  error In one w i l l  result in a large uncertain- 

t y  In E. It is therefore desirable t o  employ surfaces whlch'have dietind- 
> 

t iveu different a8/e ratios* , .  
.1 
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Albedo determination.- Albedo values must be deduced from data recorded 

I . only on the sunlit portion of an orbit, since the dark side. of the earth 

receives no solar energy to  reflect. The solution of a single energy I 
equation, in which a Wue of earth radlat ion has been assumed, or the 

sirmrltaneaus aolution of t w o  enerw equatiozwwill yield the dealred 
! 

results. 

Values of albedo can be derived by solution of the followhg 8ingle 
I 

energy equation: 

, a.= ,442; 1 [%(UT 4 - E F E ) - F s S + - - + - ( T  wc dt K 4 AoL& 

And the simultaneous solution of two energy equations can be written: 

I 

As i n  the case of deduction Af earth radiatbn,  large uncertainties ca.n 

r e s a t  in the solution of equation ( 8 )  if the as/€ ratios of the two 

radiometer surfaces have nearly the same value, and again, baniaces having 

distinctively W e r e n t  ass/' ratios should be utilized. 

. 
. .  

C . .  
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uncertainty &lelysis 

A l l  mrlmental measurements subject to  some degree of emr. When 

these data are used to deduce other quarrtities, the resultants KLll have cor= 

responding uncertainties. -&these quantiti#q a meas- 

ure of their reliability must be provided. 

4 @-hcUrf+ l (a  I 

. .  
Spedficelly, albedo and earth 

m a t i o n  can be deduced f’rom experimeritally measured values of temperature, 

optical properties, etc. Them values may be accurately meaaured, but a l l  

are mabdect to 8ome degree of errar. The question i8)wbet l e  the associated 

m in albedo ana ea-th+radiatian due to tha grapaetatscm of the unce- 

of the4 individual ternra frQmwhich they are deduced? 
I 

I 
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The uncertairrties in albedo and earth-radiation we= computed by the. 

method of Kline and M c C l h t o c k  as described in  references 8 aad 9. They 

define uncertainty as "8"possible v a ~  the error might have." The method 

of analysis will follow. E tbe W i t y  V is  a f'unction of n inde- 

penderrt variables, 5, 5 xn, then fo r  small changes in these varj.ables, 

the proP0rt;iozlal change in V can be expressed as: 

Let  xi represent the uncertainty of each independent variable. Ift i n  addi- 

t ion t o  being mall, the uncertainties axe inwendent and equally probable, 

and If the variables are e s t b t e d  t o  fa l l  within their uncertalrrty Interval 

with odds of, say, lO:l, then V . w i l l  fall &thin the interval V + AV with 

the same odds when AV I s  defined by: 
.I 

The uncertainty interval of each variable should be determined by an 

analysis of the method by which it was obtained. 

time consuming, inconven@nt, or even @possible t o  conduct a congplete analysis. 

Often, however, it is too 

I n  general, an educated guess may be better than none at al l .  !The values 

to be e@oyed are not necessarily ext;remes, but those within w b h  the 

error should fall with,,odds, 
- 

Earthfradiati0n.- Specific application of the method of Kline and 

McClintock will be made t o  the determination of the unqertainty of deduced 

oWhmdb% can be written:, I 
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The uncertainty of deduced values of E is described by: 

J 

- Albedo.- Analogously, the uncertainty of deduced values of albedo ma;y 

be determined. 

The energy equation, eq. 7, can be written: 

However, in this case, all variables are not independent. 

(13) . .  

The view factors F 

of the geometrical area of the earth viewed by the sensors. 

and FA are not independent. Both are a function, 

For every ~ 

E 

error associated with the determination o f  FE, there w i l l  be a corn- 

sponding error adsociated w i t h  FA. Both errors will be in the same 

direction; that  is, a simultaneous increase or decrease of both values. 

boviding as/" and as are obtained from independent meaeuremnts, 

a l l  remaining terms may be considered to  be independent. The uncertainty 

equation for t h i s  case can be written: 

. 

. . .  
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DEsCRsITIOIi C@ M p E R m  

!I!he Edssivity Experiment on the first Orbiting Solar Observatary con- 

sisted of a cluster of teqperature-control &aces thermally isolated frpm 

each other and the spcecraft, and a means of recording their  teqper8tures. 

_/I/CpRI- 1 Features of the eqerwnt perMae& & 

Sensor Design 

Each radiation sensor consist& of a surface, or coatiag, applied t o  a . 

metallic substrate t o  which  a thermistor was attached on the underslde for 

taqperature measurement. In order to  m-ln.Lm.Lze extraneous heat losses, each 

was W e d  in a specially des-d mouzrting, cup as sham in figure 1. 

!test Surfaces 

Swen surfaces were employed as part of the Emissivity -riment. One 

of these was a reference surface designed t o  remain optically stable in the 

space envlromnent. It was conposed of razor-blades, with blackened finish, 

stacked together, as shown i n  fjgure 2, to  form a series of Bmall apex=angle 

vee grooves. 

and even- absorption. As a result, the reference &ace was a good ap- 

Hence, mst incident radiation experienced multiple reflections , 

poxbation of a black body. Because of the design, aqy change in the emit- 

tance or reflectance of the local surface wauld have had only a small ef'f'ect 

on the w~zwLU. emittance or absorptance of the refezence. surface. A camplete 

list of the surfaces en@oyed as part of the emissivity experiment follows. 

1. 3azor-blade reference 

1 
I_.__._ - 



.. . .  
I .  

5. White porcelain enamel 

5. Ai-Giij-Ge 

7. At-SiO-Ge-Si0 
c _- - 

T --- ”’’-‘ 

de reference 

es wasAi, measured, it was that infrared 

length so that absorptance cauld-be 

nt. Since tk’iligat- 

,‘ 
a a t a . a  s m t a n e  

in space. Both met 

of the surfacesye’re nearly / . were not so1Ged s-t 

Ion; that each BurfBce be stable 

fact that the a&/€ ratios 

equations of the‘two surfaces 

/ 
.p” 

/ 

do. mtead, the.e&rgy equation of a 

of incidence. 

lus the results of an un analysis e m -  

ected to be -.’ 

mi? 

I 
i 
i 

j ’  
i 
i I 

Aolar absoqptance is  not. ACC 

the dark i I 
i 060 satellite 

The Emissivity F&peripllent was mamted on the flrst Orbiting Solas. Ubserva- 

tory which wa8 launched l e c h  7,1962. The orbit, whidh was appruxhstely- 
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350. s h t u t e  miles above the earth and inclined about 33' with respect to the 

equstor, is i l lustrated in figures3. Its period vas 96 minutes. *The sa te l l i t e  

is coqposed of two main parts, as shown in figure 4: 

section w h i c h  rotates at 30 rpm, and a stabilized semictrcular ugper section 

aimed at the sun. The spin-axis of the rotating sectidm was always maintained 

perpendicular t o  the satellite-sun line. However, the axis was free to rotate 

A nine-sided-wheel h e r  

, 

. 

. 

about this line. Its position, which was determined Srom satellite instnunen- ' 

tation, is lmuwn for only abaut the f irst  t w o  months in orbit. The Emissivity 

Experiment was mounted on the periphery of the rotating wbeljsection, thereby 

viewihg not only the earth,'.but alternately looking at the sun. 

Data Acquisition 

Experimental data were obtained only when the OS0 was over the vicinity 

of the minitrack stations located in  the north-south picket line from the 

southeastern coast of North America south along the w e s t  coast of South Ameri- 

ca. ' The data were received for  about five minutes each orbit . 
leQe of the spin axis orientation is 2EzzLItf the determination of albedo 

. Jie/d 4f vied +* Sht rc;At*c i ida  5 t n s o r - s  :s i / / v s t f d i d  i n  f l q u / e  C. 
Because Imcm- 

1 

and eazth radiation heat flux, only the time period for  which this is h a m  

will be considered. As mentioned above, this is a period o f  approxiat&ely 

two mOlrthS. 

\ 

. .. 
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Because none of the test surfaces included in the Emissivity 

Emeriment were specifically designed to  be radiometric sensor surfaces, 
cu 
3 .  it was necessary t o  d e t d n e  which of them best qualified for  such use. 

A l l  surfaces were considered frm the standpoint of usefulness In pro- 

viding data on both 

' d .  
r" 
* 

e and night sides of the orbit .  
cr( The primary requlrement for qpalification of a surface was that its ; 
s 
\ 

Y optical properties be known w i t h  good accuracy. 

as/€, as described in  references 6 and 7, were considered to be m r e  

accurate than those obtained by separate laboratory measurements 

Flight-deduced values of 
c- 

4 
3 < 

/g b.r*dbp Y k l A S U Y l m b O k  ;ld +hC 2 Addi4,*,fi4Il 
of as and e. Awere consi d ered more s, ccurate than t se . .  

deduced f r o m  f l ight data. Surfaces were selected as a result of the f o b  

Wing cons iderat ions : z 

1. The most accurate Vaitues of the optical properties were lmown for 

those surfaces which pOsSeS8ed stable radiation characteristicsc * 

Hence, only stable surfaces were considered. 

Since the earth radiation received by each sensor did not come 

fram a source having t h e  same temperature as the sensors, it 

2. 

follows that infrared absorptance was not necessarily equal t o  

infrared emittance. Only surfaces having M a r e d  emitfiance inde- 

pendent of wavelength, and consequent& &E equal t o  e, were con- 

sidered. 

As a result  of these considerations, onlythree surfaces qualified . 

I f o r  use in the radiometric determinations. Two of these w e r e  for use on 
S u n  I it 

the 34gkh5 side of the orbit, and the other far use 09 the dark side. 

. 



this would have lead to excessively large errors, the si~niLtaneoue-s~-~ 

tion method was not used. 

the basis of their applicability to the solution of a single energy 

Consequently, the surfaces were seLected 09 

e equation for albedo or earth radiation. 

For measurement of earth radiation, the single energy equation, 

utilizing night side data, required that only the emittance, e, be stabze 

and independent of.wavelength. Also, no assumption of albedo was neces- 

sary. 

Although the solar absorptance of this coating was found to be unstable, 

its infrared emittance is known through laboratory studies (ref . 16) t o  

remain constant on exposure to simulated space environments. 

its emittance is independent of wavelength for the spectral region of 

I 

. 
The surface selected for this measurement was the Ti% in epoxy. 

\ 

In addition, I 

interest.  he measured value of E is 0 . 6 .  

The surface selected a8 the radiometric sensor surface for determina- 
. 

tion of albedo was the razor-blade reference. Besides inherent stability 

and independence of emittance with wavelength in the infrared region, 

laboratory studies (ref. 7) indicate that its solar absorptance is inde- 

pendent of angle of incidence. The ~ 5 / 6  ratio of t h i s  surface, deduced 

from flight data (ref. 7), l e  0.98, aad the laboratory m u r e d  value of 
d 

is 0.97. 

i 

' \  

, #  . .  
\ 

4. 



KESULTS AND DISCUSSION 

‘ Experimental data from the Emissivity Experiment on the first 

Orbiting Solar Observatory were utilized to deduce values of earth radia- 

t i on  and albedo. 

means of an uncertainty analysis. The results of the analysis are signi- 

The reliability of these values was investigated by 

ficant not only in the evaluation of present data, but also in applica- 

tion to sateuite radiometric measurements in general! These results, 

plus comparative data from other satellite measuremen*, are presented 

in the following sections. 

Earth Radiation 

OS0 results.- Application of experimental data from the Ti% in eBcugr 

surface to the radiometric equation solved for E, equation 5, produced 

values of earth radiation. 
I 

Only night-side data, which required no as- 

suqption as to the magnitude of the albedo term, were employed. The de- 

duced values are presented graphically I n  figure 6, and in the follaring 

table 88 a function of date, and latitude, longitude and Minitrack Station 

near which the satellite was located at the times of data acquisition. 

I 

Minitrack Latitude vLLongitude Earth-Radiation Equivalent 
Statioh of os0 of Os0 Btu/hr ft? Blackbody Date 

Temerature9 
Marchll, 1962 Lima, Peru -17-@S9 -78.- 101 493 * 

March 23, 1962 Ft. Myers, Fla. 17.- - 6 b  109 502 

April 3, 1962 Ft . Myers, Fa. ;& g&?JalL 106 499 
April 5, 1962 Ft . Wrs, Fla. 2- -89 .-wW 93 483 , 

May 3,1962 Lima, Peru %-w9 -fU?aF Il.2 506 
bky15, 1962 E”t.MyWS,-. %& -- 106 499 

Msy15, 1962 Ft. W r s ,  Fa. ’ !  --$k 92 $ Ql 

> I  

I 

P <  

I .  



Uncertainty analysis.- The accuracy of the deduced results was 

deter&& by tine application of equation (12) to the measured data. 

'Uncertainty intervals Within which the individual variables are believed 
\ 

to fall, with odds of approximately lO:l, are tabulated in Table I. A8 
4 

a result of the analysis, the reported values of earth radiation are 
~ 

I 

I 

' I  believed to be Within 2 9 Btu/hr fW of the true values. The order of 

magnitude of the uncertainty was not found to be due to any particular 

term, but to the several uncertainties involved. However, better over- 

I 

I 

all accuracy could be obtained if particulax terms were known With more 

accuracy; primarily, these include infrared emittance, temperature, and 

change of temperature with time. 
\ 

Comparative data.. To provide a conrimison for the OS0 results, data 

from Tiros 111 and IV will be presented. 

and House a& the XI11 General Assedly of the International Union of Geodesy 

These data were reported by Suami 

and Geophysics held in Berkeley, California, August 1963, and Nordberg and 

Bandeen (ref . 5) 
unpublished. 

deduced from wide-field radiometers such as that flown on the OSO. 

The data presented by Suomi and House are presently 
, 

These particular sets of data were chosen because they were 

The data reported by Suomi and House were obtained from Tiros IV 

radiometric measurements made i n  the months of February, March, and April 

1962. 

more specific geographical locations. 

at which OS0 results were given ranged from 74 to 84 Btu/hr ft2 This is 

to be compared w i t h  OS0 results ranging from 92 to 112 Btu/hr ft2. 

Their data were latitudinal averages; no data were presented for . .  
The average values for the latitudes 

The OS0 results, although larger than the latitudinal averages 

measured by S m  and m e ,  appear reasonable In  light of data reported 

by Nordberg and Bdeen. Their data perkhm t o  results frcm the T h o e  III 
I 

3 



meteorological satel l i te .  

view of the T i r o s  I11 w i d e - f  ield radionaeter is considerably smaller than 

that of the OS0 sensors. 

graphical areas similar t o  those seen by OS0 at the times of d a t a  acquisi- 

tion. 

It should be mentioned that the field of 

The data of interest were obtained over geo- 

Nordberg and Bandeen present values of apparent e&h blackbody 

temperature deduced f r o m  radiometric measurements made over the tropical 

Atlantic ocean i n  July, 1961. 

clouds, the sw w a s  clear at the times of these measurements. 

body teqperatures were as high as 479' R. Due t o  the t i m e  constant of 

With the exception of some minor scattered 

The black- 
. 

the instrument, the values were increasing, and it appears that larger 

values than th i s  may be interpreted from the data. The emission of a 

479' R blackbody is 90 Btu/br ft2. 

the OS0 results of from 92 to 112 Btu/hr ft2. 

This value compares favorably w i t h  

The commnly accepted value of the average global earth-radiation is  

asproximately 72 Btu,/br ft2. 

based on indirect measurements made prior t o  the advent of space satellites. 

The origin of th i s  value stems from calculatiags 

.Although considerably lower than the OS0 results, it i n  no way denies the 
, 

existence of larger or smaller values at  more localized geographical r egb i s .  

Albedo 

OS0 results.- Equation (7) together w i t h  experimental data from the 

razor-blade reference surface were uti l ized t o  deduce values of albedo. 

Because solution of the equation requires knowledge or the assumption of 

earth radiation, E, the average (103 Btu /h r  f t2 )  of the previously deduced 

values was employed. The deduced values of albedo w e  presented In the 

following table as a Function of date, latitude, longitude and Minitrack 

Station near which the satellite was located at the tlmes.of data acquisition. 
. .  

0 .  

- ,  , .  
. .  I 
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Minitrack Latitude Longitude Albedo 
Station of os0 of os0 Values, $ 

Date 

March 8, 1962 
'I 9, 1962 

io, 1962 
'n, 1962 
11, 1962 

1.2, 1962 
.-, " 1.2, 1962 

I' 13, 1962 
13, 1962 

" I' 19, 1962 

April 3, 1962 
16, 1962 

16, 1962 
19, 1962 
21, 1962 
23, 1962 

I 

mY 3, 1962 

Quito, Ecuador 

F t .  Myers, Florida 
Quito, Ecuador 
Aflbfiya-5 h, Ck, l a  

' 1  

Q JL- f -0 ,  ECVLC~OP 

Antofagasta, Chile . 
Lima, Peru 
Antof agasta, Chile 

I1 

I1 

F t .  mers, Florida 
11 

11 

11 

I1 

Quito, Ecuador 

-6 
5 
23 
-2 
-222 

- 5  
-24 
-10 

-27 
-23 
-26 
-27 

32 
32 
30 
25 
- 1  

/ .  

-75 
-74 , 

-86 
-78 
-69 
-81 

-71. 
-80 

-71 
-73 
-67 
-88 
-83 
-84 
-87 
-82 
-82 

, 23 
26 
1 2 '  

23 
20 

23 
27 
17 
28 

38 
34 
23 # 

20 

25 
10 

19 
20 

. .  c. 
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Uncertainty analysis.- As a result of the application of equa- 

t ion &to the experimental data, it is believed- 

that the reported values of albedo are within approximately + 0.10 of 

their t m e  values. 
- 

For a reported value of 20 percent, this  amounts 

t o  + 50 percent of i t s  magnitude. 

of indivi- vaziablkhare tabulaKed in Tabled@. ,,he 

Values employed for the uncertainty 

ma@- 

- J b ~ ~ e 4 o n  dk 6 ~ p f ~ o i i * r , , + 4 /  I O : [ ,  4 Q&&J&&#&&+& 

tude of the uncertainty was not found t o  be due t o  arry particular tern, 

but -ed: the many terms,~+d3&&&- involved. % * 
The effect of 

assuming a value of earth-radiation, with i ts  corresponding uncertainty, 

was small, AE being approximately 3 percent or less. It is  also 
I€ 

interesting t o  note that an uncertainty analysis conducted on the sinnrl- 

taneaus solution of the energy equat5ons of various combinations of the 

surfaces flown on the OS0 experiment showed no better accuracy than that 
c 

resulting f r o m  the single-energy equation. 

Comparative data.- The Tiros IV results reported by Suomi and House 

were latitudinal averages. 

which OS0 results were obta-d ranged from appmxlnately 25 t o e  per- 

cent. 

Their albedo values for the latitudes at 
3cl 

+A&A#& 
These are t o  be coxpared w i t h  the OS0 results,,-of 

10 t o  38 percent. 

The Tiros I11 results, reported by Nordberg and Basdeen, which per- 

tain t o  the tropical AtJantic Ocean, are a b u t  9 percent. A s  previously 

described, tbe measurements were =de over water, and the sw was clear 
4h ese 

at the times of these measurements. The f ie ld  of view of the Tiros IIT 

wide-field radiometer was considerably smaller than that. of the OS0 radio- 

meter. The-Tiros.111 radiometer, at  the times of the above measurements, 

viewed only water. Since the OS0 radiometer viewed both land and water 

masses, and the ~ l r y  was not necessarily free of c laud~ a the  times at 

measureaerrt, it is -that the OS0 results,,be larger than 

9 percent. 

e h-&i 

----- - ----c- --- 



CONCLUDING REMARKS I 

Values of earth radiation and albedo were derived from an experi- 
ment on the first Orbiting Solar Observatory. 
w i t h  results obtained from measurements on Tiros satellites. 
the Tiros results are not dLrectly comparable either as t o  t lme or loca- 

The values were coppared 
Although 

tion, data obtained over somewhat similax geographical areas axe i n  

reasonable agreement with the OSO-I measuremnts . 
The values of easth radiation obtained fmm+;the OSO-I data ranged 

from 9 t o  112 XU/& ft2. T ~ ~ O S  111 measurements over the tropical 

Atlantic Ocean, in the same general mea as the OS0 data, shared a value 

of 90 Btu/hr ft2. The latitudinal averages Qf earth radjstion obtained 

from Tiros N, for approximately the same latitudes as the OS0 measure- 

ments, ranged from 74 t o  84 Btu/hr ft2. 

Measurements of local albedo from B O - I  gave values from 10 t o  38 

percent. A s  might be expected, these values are larger than the Tiros III . 

results of approximately 9 percent, which were obtained from a radiometer 

having a more limited f ie ld  of view than that on OS0 and which viewed 
- 

clear skies and ocean areas. The Tiros N lat i tudinal averages for  the 

geographical areas of interest ranged from 25 to  34 percent. 

An uncertainty analysis which was applied to  the OSO-I data 

i l lustrates the difficulties involved i n  making accurate radiometric 

measurements. The principal problem is that a .great many variables 

are involved in the measurements, each one contributing a possible 

error. Large uncertainties, threfore,  can msult. The results of 

this analysis strongly suggest the need for  the inclusion of uncertainty 

analyses i n  the reporting of radianetric data. If the numerical results 

of the analysis are representative of the order of magnitude of error 

generally associated with measurements of th i s  type, close agreement 

between the results of any two Investigators may be sanewhat fortuitous. 
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